Polycrystalline Zinc Oxide thin films were deposited on a glass substrate by Spray Pyrolysis technique using zinc acetate dehydrate precursor at 220 C substrate temperature. The concentration of the solution was 0.05M, the deposited films are annealed at 300 C temperature in air atmosphere. The X-ray diffraction pattern shows that the films are in the hexagonal Wurtzite phase with preferential orientation (002) along the c-axis. It confirms polycrystalline nature and grain size is 14.666 nm. Scanning Electron Microscope images reveals that the surface of the films are flat and smooth, spherical and wheat in shape and grain size is about 30-50nm. Optical spectrum shows that the films are having high transmittance and low absorption in the visible region. Ultra violet-visible spectra shown that the optical energy gaps for ZnO films were estimated in the range 3.25 and 3.31eV. It confirms zinc oxide thin films are semiconductors with wide band gap energy. The applications of zinc oxide thin films are sensing towards various concentrations of ethanol at an operating temperature of 100°C. It shows that the resistance increases with increasing the concentration of Ethanol gas.
Introduction
Thin-film zinc oxide continues to attract attention because of its low toxicity and its many applications in solar cell technology [1] and as thin-film gas sensors [2 4 ], Due to these properties ZnO is a promising material for electronic or optoelectronic applications such as solar cells (anti-reflecting coating and transparent conducting materials), gas sensors, liquid crystal displays, heat mirrors, surface acoustic wave devices etc. [5.6] , light emitting diodes(LED's), laser systems [7] and transparent electrodes [8] , The direct optical energy gap of 3.3eV for ZnO is large enough to transmit most of the useful solar radiation. Further, abundant availability of ZnO in nature makes it less expensive and its sharp UV-cut-off makes it desirable in many applications [9] . Many techniques have been employed to produce zinc oxide, sputtering [10] , metal organic chemical vapour deposition [11] , sol gel [12] and spray pyrolysis [13, 14] , pulsed laser deposition [15] have deposited high quality ZnO films. Among these techniques, spray pyrolysis has proved to be a simple and inexpensive method, particularly useful for large area applications. The SPD is essentially the same film processing technique as so-called pyrosol technique, in which a source solution is sprayed on a heated substrate to be deposited as films. In other words, when a source solution is atomized, small droplets splash and vaporize on the substrate, and leave dry precipitates in which thermal decomposition takes place [16] . In this paper, we report ZnO film formation from a Zinc Acetate dehydrate (Fisher Scientific, India) by chemical Spray Pyrolysis deposition technique and studies of several structural and optical parameters of ZnO films.
Experimental details
The films were grown onto corning glass substrates, using a typical home made spray pyrolysis deposition system. The spray solution was prepared by mixing the appropriate volumes of 0.05 M concentration of high purity zinc acetate dehydrates (Fisher Scientific, The atomization of the solution into a spray of fine droplets was carried out by the spray nozzle, with the help of compressed air as carrier gas at pressure of 1kg/cm 2 . The distance between the nozzle and the substrate is kept at 0.48 m and the flow rate of the solution is 5ml/min. The sample post-deposition thermal treatments were performed in a open furnace in an air atmosphere at 350 were measured both, before and after the annealing zinc oxide thin films. The crystalline nature and structural properties of both samples were analyzed using powder X-Ray Diffraction pattern (XRD) [Panalytical Xpert pro, with Cu-k radiation ( =1.54059 )]. The surface morphology of the samples has been studied by using a Field Emission Scanning Electron Microscope (JEOL JSM 6330F). The optical transmission spectra of the samples were obtained in the ultraviolet (uv)/ visible/ near infrared (nir) region up to 1100 nm using Perkin Elmer UV-VIS spectrophotometer (Model: Lambda 35). The dc resistance of the films as a function of means of a conductivity cell and a Keithley System Electrometer using two-probe method.
Results and Discussion
When aerosol droplets arrive close to the heated glass substrates, a pyrolytic process takes place and a highly adherent film of ZnO forms on the substrates. Possible reaction mechanisms are as follows Thicknesses of the deposited thin films are found to be 3- Fig.1 shows the Xone sharp and three small peaks are present. The XRD pattern of the ZnO films shown in figure. 1 and that the the film is crystallized in the Hexagonal Wurtzite Phase and presents a orientation along the c-axis [17] . The strongest peak observed at 2 26 nm) can be recognized to the (002) plane [18] . The other three peaks (101), (102) and (103) peaks were also observed at 2 ( lower intensity than the (002) peak. The lattice constants of ZnO films were determined a=3.0040Å and c=5.2040Å, it is agreed with the JCPDS data. The crystalline nature of the zinc oxide thin films are improved at higher annealing temperatures, some other researchers observed the improvement in crystallinity if the ZnO with increasing of annealing temperature. It may be due to annealing temperature providing enough energy to orient in proper equilibrium sites, resulting in the improvement of crystallinity and degree of orientation of the zinc oxide thin films. The g nm.
Structural Characterization

Fig.1 XRD pattern for deposited and annealed ZnO thin films
Morphological Studies
Fig. 2 FE-SEM Images for a) Un-annealed (Low Magnification), b) Un-annealed (High Magnification), c) Annealed (Low Magnification) and d) Annealed (High Magnification) ZnO thin films
The surface morphology of ZnO, before and after annealed thin films is shown in figure and the particles are in wheat and spherical shapes respectively. It is having good uniformity in lattice arrangement and the grain size of the particles is about 30-50nm range. The Crystalline and surface morphology of the annealed ZnO thin films are improved when compared to un-annealed thin film and its homogeneous and continuous. SEM images suggest the size of the grains to be much l particle size with raise in sintering temperature.
Optical studies
Figure shows the optical transmittance and absorption spectrum of ZnO thin films in the wavelength range of 300 to 1100 nm. The annealed thin films are highly transparent in the visible range of the electromagnetic spectrum with an average transmittance values upto ~95%, and presence sharp ultraviolet cut-off at 360 nm. The energy gap (Eg) was estimated by assuming a direct transition between valence and conduction bands from the expression
where K is a constant, Eg is determined by extrapolating the straight line portion of the spectrum to a h = 0. From this drawing, the optical energy gap, Eg = 3.25 eV for ZnO thin film. This value is slightly smaller than the annealed value of 3.30 eV and in good agreement with previously reported data of ZnO thin films. 
Sensing application
Sensing application of ZnO thin films towards Ethanol has been studied with a homemade testing chamber of water capacity of 5 litters. Desired concentration of ethanol has been injected through septum provision in the chamber. The working temperature can be varied using thermocouple and thermostat and the resistance variations were studied using Kethiley electrometer. Oxygen ion adsorption gives the reduction electrons and increases the resistance of ZnO The sensitivity S for gases is defined by the form: S = (Ro Rgas)/Ro Where Ro is the resistance of the sensor in the absence of gas Rgas is the resistance in the presence of gas.
The gas sensing mechanisms normally accepted for semiconductor sensors assume that the oxygen adsorbed on the surface of the oxide removes some of the electronic density and thus uctivity of a semiconducting oxide crystal depends on the electron concentration near the surface, which in sensor are associated with a modification of the ZnO surface by the electron transfer mechanism. In this study, the resistance and the sensitivity of the ZnO thin film increase with increasing towards the concentration of ethanol gas. The reason for increase in the resistance may be due to the oxidation of the ethanol vapours upon coming in contact with the ZnO film surface, which liberates free electrons and The first reaction is a process initiating the oxidation by the dehydrogenation to CH 3 CHO intermediate, and the second reaction is initiated by the dehydration to C 2 H 4 . But the selectivity for the two reactions is initiated by the acid base properties of the oxide surface. The dehydrogenation process is more probable on the oxide surface with basic properties, while the dehydration is favoured on the acid surface. The surface of the sensor does not get completely desorbed, which causes a smaller change in resistance. ZnO has been found to markedly and effectively promote the sensitivity to ethanol vapour.
Conclusions
The ZnO Crystalline thin films were successfully deposited on glass substrates using Spray Pyrolysis technique at 220 C substrate temperature with Zinc Acetate dehydrate as precursor. The post deposition treatments were carried out at 350 C temperature in Air atmosphere and the thickness of the thin films are 3-6 m. The Structure and Orientation of the ZnO thin films were investigated by XRD pattern. The X-Ray diffraction pattern of the crystalline ZnO film indicated that all the deposited films are polycrystalline in nature with Hexagonal Wurtzite phase. It consists of a (002) main peak, which is having c-axis orientation and the Grain size is about 14.666 nm. SEM images show the surface morphology of a ZnO films are spherical and wheat in shape. It has good uniformity in lattice arrangement and the grain size is 30-50nm approximately. The analysis of UV-VIS spectra of the ZnO thin films reveals that the material to be direct electronic transition with an energy gap in the range 3.25 and 3.31eV for grown and annealed films respectively. The average transmittance value increase with the post deposition treatments and it has low absorbance in visible region. The sensing characteristics of the ZnO thin films towards various concentrations of ethanol were studied at an operating temperature of 100 thin film increased with increasing the concentration of ethanol gas.
